








































































































































































The  objective  of  this  project  was  to  design,  build  and  test  a  thrust‐vectoring 
system  for  a  solid  booster  rocket.  The  project  was  sponsored  by  Stellar 

























the  project will  be  evaluated,  and  prototype  design.  In  addition  the methods  used  and  the 
timeline  the  project  will  follow  will  be  thoroughly  outlined.  The  success  of  this  project  is 
dependent on the cooperation of Dane Larkin and Harsimran Singh and on the participation of 
their sponsor Stellar Exploration at each part of the process. Dane Larkin and Harsimran Singh 
































These were  some  of  the  first  systems  of  thrust  vector  control  developed  in  the  Polaris  and 
minute  man  rockets.  The  classification  of  fixed  nozzle  systems  falls  into  these  categories, 
secondary  injection  systems  where  the  flow  is  the  nozzle  is  changed  by  the  addition  or 















  Gas  injection  is very similar to  liquid  injection the difference being that  instead of new 
gas being added  to  the  fluid  stream combustion gasses are  rerouted  from behind  the nozzle 
into  the diverging section changing  the  flow  through  the nozzle  itself. The advantages of  this 
method are that additional fluids do not need to be stored onboard and so the system overall is 










































































































































































































































































































  is  the  sim






















































































































































































the  Quality  Function  Deployment  (QFD)  method  to  translate  customer  requirements  to 
engineering specifications. The solution(s) which best matches these specifications are further 
examined and given more consideration  for development. The Appendices section provides a 
house  of  quality  that  this  team  used  in  the  QFD  method.  This  team  also  provides  a 
specifications table in the Appendices section.  
  This  team approximated  the  target values at  the bottom of  the house of quality, and 
intends to submit the target values for review and possible modification by Stellar Exploration. 
Each  target value  is assigned a  relative weight. For example,  the  target value  regarding heat 





2. Each  customer  requirement  is  assigned  an  importance weight  (i.e.  7.0  for 
durability). 
3. The importance weights for all customer requirements are added up and the 
importance weight  for  each  particular  customer  requirement  is  divided  by 
this sum. The  resulting  figure  is  then multiplied by one hundred and called 
the  relative weight  for  the particular  customer  requirement  (i.e. 15.9%  for 
durability).  
4. Along  each  column  are  listed  quantifiable  technical  requirements  such  as 
frequency response, weight, etc.  
5. The  intersecting  cell  between  each  column  and  row  indicates  how  the 




requirement.  If there  is no correlation, the cell  is  left blank. The cell  is filled 
with a solid triangle if there is slight correlation, with a hollow circle if there 
is medium  correlation,  and with  a  symbol  that  resembles  theta  if  there  is 






7. Take  the  relative weight  for each  customer  requirement and multiply  it by 
the  correlation  value  in  each  cell  of  each  respective  row  (i.e.  15.9*9  for 
durability and heat requirements).  
8. Add up the resulting values along each column, and an importance weight is 
obtained  for  each  technical  requirement  (i.e.  425  for  heat  requirements). 
This value is placed at the bottom of the house of quality. 
9. Sum  up  the  importance weights  for  all  technical  requirements,  and  divide 
into  the  importance weight  for a particular  technical  requirement. Multiply 
the  result  by  one  hundred  to  obtain  the  relative weight  for  that  technical 
requirement (i.e. 14.3% for heat requirements). 
The  relative weight  indicates  the  importance of a particular  technical  requirement  for 
our design. Having a  relative weight of 14.3%, heat  requirement has a higher  relative weight 
than any other technical requirement. It also has strong correlation with the greatest amount of 
customer requirements. Therefore, this team should have the greatest concern regarding heat 










































































Cycles  till  failure:  The  system must  cycle  thrust  direction  a minimum  of  5000  cycles  before 
failure.  
Slew  Rate:  Amount  of  times  in  one  second  that  the  system  can  cycle  direction  of  thrust 
between ± 7 degrees  from  the  rocket’s  central  axis.  The  risk of not being  able  to meet  this 
requirement is high. The thrust vectoring system requires a high cycling speed because it must 








































































































































































































































































































































































































































regime. Thus, the system has the  least percentage of  its surface area exposed to heat.  Internal vanes, 
which  would  be  placed  directly  in  the  path  of  the  flow  regime  (see  Fig  b),  will  have  the  greatest 







This  team gave  the ball and  socket design  the highest  rating  in  the  ‘weight’  category  for  two 
reasons. One reason  is the  low number of components required for the design. Secondly, the ball and 
socket design  requires  redesign of  the outward nozzle  shape. We expect  the  redesign  to  reduce  the 
overall weight of the rocket.  
Manufacturability  
Out of  the  four possible designs we  considered,  the ball  and  socket design  rated  among  the 
highest  in ease of manufacturability. The  jetavator and  internal vane based designs have many  small 
components to them. This makes  it more difficult and time consuming to precisely manufacture them. 
The  relatively  large  size and  lower number of  components  in  the  cylinder and ball and  socket based 
designs makes the components much easier to manufacture.  
Drag 
The design that provides the  lowest amount of drag  is one that results  in the  least amount of 
surface area exposed to air flow around the rocket. Since most components of the jetavator design are 
















































  of  the  enti



































































































































































































































































Item  No.3‐Ball  (interchangeably  called  nozzle  from  this  point  on):  This  component  is  a 
converging‐diverging nozzle which accelerates hot gas  flow  from  subsonic  to  supersonic. The 
outside of  the  converging  section  is  shaped  like  a  sphere  to  allow  rotation  via  the ball‐and‐
socket setup for the sake of vectoring thrust in different directions.  
This  item will  be made  of  graphite. Graphite was  chosen  for  its  resistance  to  oxidation  and 
suitable  thermal  properties.  These  thermal  properties  included  low  conduction  and  thermal 
expansion  coefficients.  The  ball’s  outside  diameter was made  small  enough  to make  up  for 
thermal expansion due to high temperatures during operation.  




actuator would be working  against both  the weight of  the nozzle  and  the pressure built up 
inside the nozzle.  
























































































































































































































  a  hollow  c
  



































































































































































































































































































































































































































































































































































































provide  the desired  force were  very  large. After a  long  search,  two actuators  that would be 
suitable were found. One was the T‐NA series made by Zaber. These actuators are 3 inches long 
and can produce a peak  thrust of 14.6lbs. However,  they  sell  this actuator  for one  thousand 
dollars apiece. The actuator chosen was the Frigelli L12 series actuator. These actuators come 
in a  range of options with different gearing and  lengths of  stroke. The 10mm  (.394in)  stroke 












Carbon  felt provided the  lowest thermal conductivity of any material we could  find. Hence,  it 































Assembly  of  the  entire  system  starts with  inspection  of  the  parts  all  dimensions  should  be 
checked  so  that problems will not be encountered  later. After all  the dimensions have been 
checked the  first parts that can be put together are the actuator brackets and the collar. The 








Take  the  two  flanges  and  the  remaining  actuator  brackets  and  attach  them  to  their 
corresponding holes  in the flanges with provided bolts. Now the flanges can be placed on the 
socket around  the ball aligned with  the bolt holes. Care  should be  taken  to place  the grafoil 
seals into the slots in the flanges without damaging them.  The ¼ 20x3in bolts can be placed in 
the holes  in  the  flange and  through  the socket. Washers and nuts can be  tightened onto  the 
bolts securing the ball and flanges to the socket. The next thing  is to fit the actuators  into the 




















The  first  milestone  was  the  Project  Requirements  Document  (Gantt  Chart,  Row  14).  This 




solid  model  (Gantt  Chart,  Row  25),  Conceptual  Design  Report  (Gantt  Chart,  Row  28),  and 
Conceptual Design Review  (Gantt Chart, Row 29) served  to present  the basic workings of  the 




The  current  report  is a more detailed  version of  the Conceptual Design Report. The  content 
takes  into  account  detailed  analysis  used  to  finalize  system  dimensions.  It  also  expands  on 
additional subsystems such as the actuators.  
For  the  final  design  phase  of  the  project,  Harsimran  Singh  handled  the  thermal  expansion 





































The  outside  diameter  of  the  nozzle’s  converging  and  throat  sections  is  designed  a  specific 
amount  smaller  than  the  inside  diameter  on  each  flange  cross  section  to  take  thermal 
expansion  during  operation  into  account.  The  O‐rings  mounted  on  top  of  the  nozzle  are 
specifically dimensioned  to make up  for  the difference  in diameter. These O‐rings reestablish 
the rotational stability of the nozzle, which would otherwise be compromised by the nozzle not 
being  flush with  the  flanges. Any careless changing of  these dimensions will have an adverse 
impact on system performance.  
This  team  has  left  it  up  to  the  sponsor  to  decide which  grade  of  Inconel  should  be  used. 
Although  industry  generally  uses  718  grade  for  aerospace  and  gas  nozzle  applications,  we 
recommend  the  use  of  a  lower  grade  such  as  Inconel  600  or  625.  Systems  in  industry  are 
























































































































































































































































































rapid prototyped.  The only machined  component  is  the  collar.  The  collar was manufactured 
using a lathe. The manufacturing process is as follows: 
 






































































































































































 Jetavator  Vanes  Ball and Socket  Cylinders 
Column1  Column2  Column3  Column4  Column5  Column6  Column7  Column8  Column9  Column10
Criteria  Weight  Rating  Score  Rating  Score  Rating  Score  Rating  Score 
installation 
ease 6.8 8  54.4 8.5 57.8 9 61.2  8.5 57.8
Safety 2.3 9  20.7 9 20.7 9 20.7  9 20.7
durability 15.9 6.5  103.35 8 127.2 8.5 135.15  9 143.1
interface ease 11.4 5  57 7 79.8 9 102.6  9 102.6
heat 
requirements 15.9 6.5  103.35 4 63.6 6.5 103.35  7.5 119.25
response to 
angle change 15.9 7  111.3 7.5 119.25 8.5 135.15  8 127.2
low weight 15.9 6.5  103.35 8 127.2 8 127.2  5 79.5
ease of 
manufacture 2.3 5  11.5 6 13.8 7 16.1  7 16.1
low drag 11.4 5  57 10 114 10 114  9.5 108.3
Cost 2.3 6  13.8 6 13.8 8 18.4  7 16.1









"Whats") 0 1 2 3 4 5
1 3 15.6 7.0 2 4 2 2 3
2 3 2.2 1.0 3 5 5 4 4
3 9 15.6 7.0 4 4 3 4 5
4 9 11.1 5.0 3 5 3 3 5
5 9 15.6 7.0 2 2 3 4 4
6 9 20.0 9.0 2 2 4 5 5
7 9 8.9 4.0 2 5 2 5 5
8 9 2.2 1.0 2 2 2 3 4
9 9 6.7 3.0 5 5 2 5 5






































Objective Is To Minimize
Objective Is To Maximize


































































































































































































9 9 9 9
6.6 13.5 9.6 13.1
288.9 395.6
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Max Relationship Value in Column
Target or Limit Value
  Weight / Importance
Our Company liquid injection










Address: GraphiteStore.com, Inc. 
1348 Busch Parkway 
Buffalo Grove, IL  60089 
US 















Name: Matt Bridges 













Linear Actuators  Firgelli Technologies  $80 each  Phone: 206‐347‐9684 
Fax: 206‐347‐9684 
sales@firgelli.com, www.firgelli.com  
Graf Foil   www.sealsales.com   $90 each  Phone: 714‐361‐1435  
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5 actuator mount 16
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TOLERANCE: .001 
DATE:  2/5/11
NEXT ASSY: SCALE: 1:4
UNITS: INCHES 
DWG #: 007 
MATERIAL:  
TITLE:  EXPLODED ASSEMBLY
GROUP:  
DRAWN BY:DANE LARKIN  CKD BY: SIMRAN SINGH INIT:  INIT:  Stellar Thrust Control
ID Task Name Duration Start Finish
1 selecting projects 3 days? Tue 9/21/10 Fri 9/24/10
2 project presentations 3 days? Tue 9/21/10 Thu 9/23/10
3 project preference form 0 days Fri 9/24/10 Fri 9/24/10
4 sponsor communication 6 days Wed 9/29/10 Thu 10/7/10
5 team introduction to sponsor 0 days Wed 9/29/10 Wed 9/29/10
6 visit the sponsor 0 days Wed 10/6/10 Wed 10/6/10
7 team contract 0 days Thu 10/7/10 Thu 10/7/10
8 projects requirement Doc 17 days? Mon 9/27/10 Tue 10/19/10
9 background research 17 days? Mon 9/27/10 Tue 10/19/10
10 QFD development 1 day? Thu 10/14/10 Thu 10/14/10
11 specification Development 2 days? Thu 10/14/10 Sat 10/16/10
12 method of approach 1 day? Mon 10/18/10 Mon 10/18/10
13 management plan 2 days? Mon 10/18/10 Tue 10/19/10
14 project Requirements Doc 0 days Tue 10/19/10 Tue 10/19/10
15 Correct Requirements Doc 31 days Mon 10/25/10 Mon 12/6/10
16 Idea Generation 13 days? Thu 10/21/10 Tue 11/9/10
17 brain storming 9 days? Thu 10/21/10 Tue 11/2/10
18 PEW diagram 1 day? Fri 11/5/10 Fri 11/5/10
19 conceptual model 1 day Fri 11/5/10 Sat 11/6/10
20 preliminary design presentation 0 days Tue 11/9/10 Tue 11/9/10
21 Conceptual Design 19 days? Wed 11/10/10 Mon 12/6/10
22 Enhance design requirements doc 19 days? Wed 11/10/10 Mon 12/6/10
23 priliminary calculations 7 days Wed 11/10/10 Thu 11/18/10
24 initial drawings 10 days Fri 11/12/10 Thu 11/25/10
25 solid model 0 days Thu 11/25/10 Thu 11/25/10
26 proto type 1 day? Fri 11/26/10 Fri 11/26/10
27 preliminary plans for constructioon and te 2 days? Tue 11/23/10 Wed 11/24/10
28 conceptual design report 0 days Fri 12/3/10 Fri 12/3/10
29 conceptual design review 0 days Mon 12/6/10 Mon 12/6/10
30 Design finalization 18 days? Thu 1/6/11 Tue 2/1/11
31 reanalyze certain design aspects 5 days Thu 1/6/11 Wed 1/12/11
32 make changes to concept 1 day? Thu 1/13/11 Thu 1/13/11
33 student presentations 0 days Tue 1/18/11 Tue 1/18/11
34 Design Report Doc 0 days Tue 2/1/11 Tue 2/1/11
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ID Task Name Duration Start Finish
36 contact sponsor about materials 5 days? Mon 2/7/11 Fri 2/11/11
37 machineing and assembly 21 days? Fri 2/11/11 Sat 3/12/11
38 testing 11 days? Mon 3/14/11 Mon 3/28/11
39 fixing anything that is broken 6 days? Tue 3/29/11 Tue 4/5/11
40 final project design report 0 days Fri 6/3/11 Fri 6/3/11
12 19 26 3 10 17 24 31 7 14 21 28 5
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Method of Manufacturing: Isostatically Pressed
Description: High strength, wear resistant graphite
  PROPERTY US VALUE METRIC VALUE
  Density 0.065   lb/in 3 1.81   gr/cm 3 
  Shore Hardness 76    
  Flexural Strength 7250   psi 50   mpa
  Oxidizing Atmosphere 801   °F 427   °C
  Neutral Atmosphere 5000   °F 2760   °C
  Porosity 12   %   
  Electrical Resistivity 0.00055   ohm/inch    ohm/cm
  Thermal Conductivity 49   BTU/(h.ft 2 °F/ft) 85   W/(m 2 . K/m)
  Ash Content 100   ppm   
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Firgelli Technologies’ unique line of Miniature Linear Actuators enables a new 
generation of motion-enabled product designs, with capabilities that have 
never before been combined in a device of this size. These small linear ac-
tuators are a superior alternative to designing with awkward gears, motors, 
servos and linkages.
Firgelli’s L series of micro linear actuators combine the best features of our 
existing micro actuator families into a highly flexible, configurable and 
compact platform with an optional sophisticated on-board microcontroller. 
The first member of the L series, the L12, is an axial design with a powerful 
drivetrain and a rectangular cross section for increased rigidity. But by far 
the most attractive feature of this actuator is the broad spectrum of available 
configurations.
Benefits
→ Compact miniature size
→ Simple control using industry 
standard interfaces
→ Low voltage









Gearing Option 50 100 210
Peak Power Point 1 12 N @ 11 mm/s 23 N @ 6 mm/s 45 N @ 2.5 mm/s
Peak Efficiency Point 6 N @ 16 mm/s 12 N @ 8 mm/s 18 N @ 4 mm/s
Max Speed (no load) 23 mm/s 12 mm/s 5 mm/s
Backdrive Force 2 43 N 80 N 150 N
Stroke Option 10 mm 30 mm 50 mm 100 mm
Weight  28 g 34 g 40 g 56 g
Positional Accuracy 0.1 mm 0.2 mm 0.2 mm 0.3 mm
Max Side Force (fully extended) 50 N 40 N 30 N 15 N
Mechanical Backlash 0.1 mm
Feedback Potentiometer 2.75 kΩ/mm ± 30%, 1% linearity
Duty Cycle 20 %
Lifetime 1000 hours at rated duty cycle
Operating Temperature –10°C to +50°C
Storage Temperature –30°C to +70°C
Ingress Protection Rating IP–54
Audible Noise 55 dB at 45 cm
Stall Current 450 mA at 5 V & 6 V, 200 mA at 12 V
Miniature Linear Motion Series • L12
�� cm AWG leadwires with �.�� mm 
pitch female header connector 
Dimensions (mm) 
1 1 N (Newton) = 0.225 lb
f
 (pound-force) 
2 a powered-off actuator will statically hold a force up to the Backdrive Force
Firgelli Technologies Inc.
4585 Seawood Tce.
Victoria, BC V8N 3W1
Canada
1 (206) 347-9684 phone
1 (888) 225-9198 toll-free








































The L12 has five configurable features. L12 configurations are identified 
according to the following scheme:
L12-SS-GG-VV-C-L
feature options
SS: Stroke Length (in mm) 10, 30, 50, 100
Any stroke length between 10 and 
100 mm is available on custom orders, 
in 2 mm increments.
GG: Gear reduction ratio 
(refer to force/speed plots) 
50, 100, 210
Other gearing options may be possible on 
custom orders.
VV: Voltage 06 6 V (5 V power for Controller 
options B and P)
12 12 V
C: Controller B Basic 2-wire open-loop interface, 
no position feedback, control, or limit 
switching. Positive voltage extends, 
negative retracts.
S 2-wire open-loop interface (like B option) 
with limit switching at stroke endpoints.
P Simple analog position feedback 
signal, no on-board controller.
I Integrated controller with Industrial and 
RC servo interfaces (see L12 Controller 
Options section). Not available with 
10mm stroke length configurations.
R RC Linear Servo. Not available with 
10mm stroke or 12 volts.
L: Mechanical or electrical 
interface customizations
Custom option codes will be issued by 
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L12 Specifications
Load Curves Current Curves
Basis of Operation
The L12 actuator is designed to move push or pull 
loads along its full stroke length. The speed of 
travel is determined by the gearing of the actua-
tor and the load or force the actuator is working 
against at a given point in time (see Load Curves 
chart on this datasheet). When power is removed, 
the actuator stops moving and holds its position, 
unless the applied load exceeds the backdrive 
force, in which case the actuator will backdrive. 
Stalling the actuator under power for short peri-
ods of time (several seconds) will not damage the 
actuator. Do not reverse the supply voltage polar-
ity to actuators containing an integrated control-
ler (I controller option).
Each L12 actuator ships with two mounting 
clamps, two mounting brackets and two rod end 
options: a clevis end and a threaded end with 
nut (see drawing on page 4). When changing rod 
ends, extend the actuator completely and hold 
the round shaft while unscrewing the rod end. 
Standard lead wires are 28 AWG, 30 cm long with 
2.56 mm (0.1") pitch female header connector (Hi-
Tec™ and Futaba™ compatible). Actuators are a 
sealed unit (IP–54 rating, resistant to dust and 
water ingress but not fully waterproof).
Ordering information
Sample quantities may be ordered with a credit 
card directly from www.firgelli.com. 
Please contact Firgelli at sales@firgelli.com for 
volume pricing or custom configurations.
Note that not all configuration combinations 
are stocked as standard products. Please refer 
to www.firgelli.com/orders for current inventory.
Miniature Linear Motion Series • L12 Firgelli Technologies Inc. for more info call 1 (888) 225-9198 or visit www.firgelli.com
L12 Controller options
Option B—Basic 2-wire interface
WIRINg:
1 (red) Motor V+ (5 V or 12 V)
2 (black) Motor ground
The –B actuators offer no control or feed-
back mechanisms. While voltage is applied 
to the motor V+ and ground leads, the ac-
tuator extends. If the polarity of this volt-
age is reversed, the actuator retracts. The 
5 V actuator is rated for 5 V but can oper-
ate at 6 V. 
Option S—Basic 2-wire interface
WIRINg:
1 (red) Motor V+ (5 V or 12 V)
2 (black) Motor ground
When the actuator moves to a position 
within 0.5mm of its fully-retracted or ful-
ly-extended stroke endpoint, a limit switch 
will stop power to the motor. When this 
occurs, the actuator can only be reversed 
away from the stroke endpoint. Once the 
actuator is positioned away from it’s stroke 
endpoint, normal operation resumes. For 
custom orders, limit switch trigger posi-
tions can be modified at the time of man-
ufacture, in 0.5mm increments. 
Option P—Position feedback signal
WIRINg:
1 (orange) Feedback potentiometer 
negative reference rail 
2 (purple) Feedback potentiometer 
wiper (position signal)
3 (red) Motor V+ (5 V or 12 V)
4 (black) Motor ground
5 (yellow) Feedback potentiometer 
positive reference rail
The –P actuators offer no built-in control-
ler, but do provide an analog position feed-
back signal that can be input to an exter-
nal controller. While voltage is applied to 
the motor V+ and ground leads, the actua-
tor extends. If the polarity of this voltage 
is reversed, the actuator retracts. Actuator 
stroke position may be monitored by pro-
viding any stable low and high reference 
voltages on leads 1 and 5, and then read-
ing the position signal on lead 2. The volt-
age on lead 2 will vary linearly between 
the two reference voltages in proportion 
to the position of the actuator stroke.
Option I—Integrated controller with 
industrial and RC servo interfaces
WIRINg:
1 (green) Current input signal (used for 
4–20 mA interface mode)
2 (blue) Voltage input signal (used for 
the 0–5V interface mode and 
PWM interface modes)
3 (purple) Position Feedback signal 
(0–3.3 V, linearly proportional 
to actuator position)
4 (white) RC input signal (used for RC-
servo compatible interface mode)
5 (red) Motor V+ (+6 Vdc for 6 V models, 
+12 Vdc for 12 V models)
6 (black) ground
The –I actuator models feature an on-
board software-based digital microcon-
troller. The microcontroller is not user-
programmable
The six lead wires are split into two con-
nectors. Leads 4, 5 and 6 terminate at a 
universal RC servo three-pin connector 
(Hi-Tec™ and Futaba™ compatible). Leads 
1, 2 and 3 terminate at a separate, similarly 
sized connector. 
When the actuator is powered up, it will 
repeatedly scan leads 1, 2, 4 for an input 
signal that is valid under any of the four 
supported interface modes. When a valid 
signal is detected, the actuator will self-
configure to the corresponding interface 
mode, and all other interface modes and 
input leads are disabled until the actuator 
is next powered on. 
0–5 V Interface Mode: This mode allows 
the actuator to be controlled with just a 
battery, and a potentiometer to signal the 
desired position to the actuator – a simple 
interface for prototypes or home automa-
tion projects. The desired actuator posi-
tion (setpoint) is input to the actuator on 
lead 2 as a voltage between ground and 
5 V. The setpoint voltage must be held on 
lead 2 until the desired actuator stroke po-
sition is reached. Lead 2 is a high imped-
ance input. 
4–20 mA Interface Mode: This mode is 
compatible with PLC devices typically 
used in industrial control applications. 
The desired actuator position (setpoint) is 
input to the actuator on lead 1 as a current 
between 4 mA and 20 mA. The setpoint cur-
rent must be held on lead 1 until the de-
sired actuator stroke position is reached.
RC Servo Interface Mode: This is a stan-
dard hobby-type remote-control digital ser-
vo interface (CMOS logic), compatible with 
servos and receivers from manufacturers 
like Futaba™ and Hi-Tec™. The desired ac-
tuator position is input to the actuator on 
lead 4 as a positive 5 Volt pulse width signal. 
A 1.0 ms pulse commands the controller to 
fully retract the actuator, and a 2.0 ms pulse 
signals full extension. If the motion of the 
actuator, or of other servos in your system, 
seems erratic, place a 1–4Ω resistor in series 
with the actuator’s red V+ leadwire.
PWM Mode: This mode allows control of 
the actuator using a single digital output 
pin from an external microcontroller. The 
desired actuator position is encoded as 
the duty cycle of a 5 Volt 1 kHz square wave 
on actuator lead 2, where the % duty cycle 
sets the actuator position to the same % 
of full stroke extension. The waveform 
must be 0V to +5V in order to access the 
full stroke range of the actuator.
Option R—RC Linear Servo
WIRINg:
1 (white) RC input signal 
2 (red) Motor V+ (6 VOC)
3 (black) ground
The –R actuators or ‘linear servos’ are 
a direct replacement for regular radio 
controlled hobby servos. Operation is as 
above in RC servo interface mode (option 
I). The –R actuators are available in 6 volt 
and 30, 50 and 100 mm strokes only.
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